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Our objective of this research is to make safe and easy access for students to basic microbiological 
experiments at high schools and universities. We used a marine bioluminescent bacterium, 
Photobacterium phosphoreum strain OC2-1 at four classes, one in a high school in 2005 and other in 2008, 
and other two in a university in 2006. At the beginning of each class, all students learned the principle 
of obtaining bacterial single colonies by dilution, and practiced streaking and spreading OC2-1 cultures 
onto agar media after serial dilution. University students further conducted three kinds of experiments 
to study the effects of oxygen depletion, osmotic stress and immobilization by alginate calcium on the 
bacterial luminescence. In 2008’s practice, a hand-made luminometer which was comprised of a solar 
battery and a voltmeter was used to monitor the light output from the bacterial culture. According to 
the results of the questionnaire to ask students for their opinions on the practice, we concluded that the 
experiments with bioluminescent bacterium captured students' interests, and fostered better 
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ル程度），250ml蒸留水，2.5g Bacto-peptone（Difco 211677, 
Sparks, MD），1.5g Bacto-yeast extract（Difco 212750, 






Extraction kit（Quiagen， Valencia，CA）を用いて DNA























































































































Fig. 1. Items provided to each student in the laboratory 
practices. They will be packed as an educational 
materials kit for delivery. 
 
A: Agar plates (1/2 SWC)，B: T-shaped spreaders，
C: Inoculation loop，D: Dropper pipette (sterile)，
E: Culture Broth（1/2 SWC, in a sterile 50ml 











Table 1. List of main items used per person in the 
laboratory practice 
Name of items
Over night culture of strain
OC2-1
Strain OC2-1 cell suspension
(5X concentrated)
Agar plate1/2  SWC



















5.0 mlin 10ml tube
























































性発光細菌 Photobacterium phosphoreum と99％の相同性を示
























Table 2. Results of acute oral toxicity of strain OC2-1 













Body weight (g) (mean ± standard deviation)
Table 3. Typical time schedule of the laboratory practice 
using strain OC2-1 
Category Activity
Basic experiments
Colony pick, Inoculation of cells
on to agar plates with loop
Inoculation of cells into culture
broth
Serial dilution of a single colony
 Counting of bacterial colonies








strain OC2-1 cells suspended in
different concentrations of NaCl
solution
Preparation and observation of
the immobilized cells of strain
OC2-1
Lecture


















































student A student B student C student D student E student F student G student H student I
1 UNC UNC UNC UNC UNC UNC UNC UNC UNC
- - - - - - - - -
0.1 UNC UNC UNC UNC UNC UNC UNC UNC UNC
- - - - - - - - -




- - - -
0.001 9 28 0 100 83 89 76 23 49
9.0E+04 2.8E+05 0 1.0E+06 8.3E+05 8.9E+05 7.6E+05 2.3E+05 4.9E+05
0.0001 7 4 2 11 12 16 15 7 1
7.0E+05 4.0E+05 2.0E+05 1.1E+06 1.2E+06 1.6E+06 1.5E+06 7.0E+05 1.0E+05
0.00001 0 0 0 0 0 2 2 0 0
- - - - - 2.0E+06 2.0E+06 - -
0.000001 0 0 0 0 0 1 0 0 0
- - - - - 1.0E+07 - - -
UNCuncountable
Following equation was used to estimate the number of cells derived from a single colony of OC2-1.
N = (n/0.1)×1/D
n = number of colonies on each agar plate
D = dilution factor
Dilution (D)
Number of colonies on agar plate (n: upper Estimates of
absolute cell numbers from a single colony of OC2-1*N: lower
Table 4. Estimates of absolute cell numbers of a single colony of strain OC2-1 by serial dilution method 
Fig. 2. Changes in the bioluminescence output from 
strain OC2-1 cells suspended in carbonated water.
 
Ventilation of the cell suspension was made at the 
time point indicated by an arrow (↓). Error bars 
indicate the ranges of the output from duplicate 
samples. 
Fig. 3. Changes in the bioluminescence output from 
strain OC2-1 cells suspended in different 
concentrations of NaCl solution. Error bars 



































































































































Fig. 5. Changes in bioluminescent output from the 
immobilized cells of strain OC2-1 during the 
incubation. 
 
Black circle: Cells were incubated with culture 
broth. Open circle: Cells were incubated with 
sterile seawater. 
 
Error bars indicate the ranges of the duplicate 
samples. 
Fig. 4. Appearance of immobilized cells of strain OC2-1 
with calcium alginate gel. Left: Bright field image, 



























































Table 5. Results of questionnaires (I) 
Results from high school students
1:  Do you think will this kind of practice using
the bioluminescent bacteria help you learn
biology?
7 0 3 10
2:  Do you think is this practice useful for
entrance exams?
0 5 4 9
3:  Did you enjoy the practice? 7 0 3 10
Biology  Biology  other total
Reply from university students
1:  Do you think will this kind of practice using
the bioluminescent bacteria help you learn
biology?
33 0 3 36
2:  Do you think is this practice appropriate for
high school students?
24 1 11 36
3:  Did you enjoy the practice? 35 1 0 36
Junior high school High school University Others Total
The numbers represent those responded to the questionnaire.
This is a summary of questionnaires made twice in 2005.
1
Questionnaire Yes
4:  When do you think is appropriate to use
the biominescent bacteria in biology class?
5
4:  When do you think is appropriate to use
the biominescent bacteria in biology class?
9












Table 6. Results of questionnaires (Ⅱ) from high school students 






































4  (12) 3  (6) 2  (2) 0  (0) 9  (20) 3  (9) 5  (10) 1  (1) 0  (0) 9  (20) 3  (9) 6  (12) 0  (0) 0  (0) 9  (21)




4  (12) 5  (10) 0  (0) 0  (0) 9  (22) 1  (3) 6  (12) 2  (2) 0  (0) 9  (17) 2  (6) 6  (12) 1  (1) 0  (0) 9  (19)





3  (9) 5  (10) 1  (1) 0  (0) 9  (20) 4  (12) 5  (10) 0  (0) 0  (0) 9  (22) 1  (3) 8  (16) 0  (0) 0  (0) 9  (19)





2  (6) 6  (12) 2  (2) 0  (0) 10  (20) 4  (12) 5  (10) 1  (1) 0  (0) 10  (23) 3  (9) 7  (14) 0  (0) 0  (0) 10  (23)
* Numbers represent those responded to each questionnaire, whereas the numbers in parenthesis represent scores given to each response.
This is a summary of questionnaires made twice in 2005.
Apprehension
Practice Menu






























25 (75) 9 (18) 2 (2) 0 (0) 36 (95) 24 (72) 11 (22) 1 (1) 0 (0) 36 (95)




30 (90) 4 (8) 2 (2) 0 (0) 36 (100) 17 (51) 16 (32) 3 (3) 0 (0) 36 (86)





26 (78) 8 (16) 2 (2) 0 (0) 36 (96) 16 (48) 18 (36) 2 (2) 0 (0) 36 (86)









colonies grown on the
agar plates
33 (99) 2 (4) 0 (0) 1 (0) 36 (103) 20 (60) 16 (32) 0 (0) 0 (0) 36 (92)
No. 9 Counting colonies 19 (57) 13 (26) 2 (2) 2 (0) 36 (85) 1 (3) 27 (54) 8 (8) 0 (0) 36 (65)
No. 10
Calculation of cell
abundance in a single
colony















17 (51) 14 (28) 5 (5) 0 (0) 36 (84) 18 (54) 14 (28) 4 (4) 0 (0) 36 (86)
* Numbers represent those responded to each questionnaire, whereas the numbers in parenthesis represent scores given to each response.
This is a summary of questionnaires made twice in 2005.
Practice Menu
Necessity * Interests *
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